and no infection. After 1 year, the University of California at Los Angeles scoring system rated 12 (63.2%) patients as excellent results. The Mayo elbow performance scoring system rated 10 (84%) cases as excellent results. Completely normal alignment was presented in 16 cases. Conclusion: Following surgical treatment of adult extra-articular distal humeral diaphyseal fractures, an oblique MLCP applied via a posterior approach achieved an adequate internal fixation and obtained an excellent functional outcome.
cussing the results of surgical fixation of displaced diaphyseal fractures of the adult humerus [7] [8] [9] [10] [11] , few studies [12, 13] have specifically addressed the results using AO (Association for the Study of Internal Fixation) metaphyseal locking compression plates (MLCPs). The advantages of MLCPs include decreased surgical exposure and time, and potentially faster rehabilitation by minimizing the extent of the soft-tissue dissection. Therefore, we have conducted this retrospective study to determine the effects of open reduction and internal fixation of displaced fractures of the adult extra-articular distal humeral diaphysis using the AO MLCP.
Subjects and Methods

Patients
From July 2006 to August 2009, 19 extra-articular distal humeral diaphysis fractures in adults were surgically treated using the AO MLCP via a posterior approach. Patients with closed displaced unstable distal humeral diaphyseal fractures were included. Exclusion criteria were non-displaced fractures, severely comminuted fractures, fractures that extended to the joint and pathological fractures. There were 15 men and 4 women with a mean age of 36.7 years (range 20-75). All 19 cases were unilateral. The right humerus was involved in 13 and the left in 6 cases. There were 18 cases of isolated distal third humeral shaft fractures, and only 1 with ipsilateral femoral shaft fractures. All fractures were closed injuries. The locations and patterns of the fractures as determined by the AO/Orthopaedic Trauma Association classification [14] are listed in table 1 . All 19 patients were available for follow-up examination.
Surgical Technique
The operations were performed by a single surgeon (Q.W.) under general anaesthesia and were performed for the range of 3-7 days after injury. The patient was placed in the prone position on the operating table with the arm abducted 90° according to AO principles. A longitudinal incision was made in the midline of the posterior aspect of the arm, from 8 cm below the acromion to the olecranon fossa. The deep fascia of the arm was incised in line with the skin incision. Proximally, the radial nerve and profunda brachii vessels were exposed by retracting the lateral head of the triceps laterally and the long head of the triceps medially. Distally, the triceps aponeurosis was split down the middle, and the medial head was then split in line with its fibres to expose the humerus. Further dissection of the soft tissue was limited on the posterior surface to preserve the blood supply of the humerus.
Manipulative reduction was performed under direct visualization. K wires and lag screws were used for temporary stabilization to correct the displacement of the fractures and restore the axis of the humerus. Intra-operative imaging with a C arm was used to confirm the adequacy of the reduction. The AO MLCP was placed along the posterior surface of the lateral column. The proximal end of the plate was placed beneath the radial nerve and profunda brachii vessels, and positioned on the posterior surface of the humerus. The distal end of the plate was positioned to avoid encroachment upon the olecranon fossa ( fig. 1 ). At least 3 screws were placed on either side of the fracture site. When possible, 4 screws were placed in the distal part of the plate to enhance the antipullout force [15] . The K wires were then removed; the apposition and alignment of the fragments were then checked again with the C arm, and significant valgus or varus deviation, if any, were reset. When anatomical alignment was achieved, the locking screws were then locked, the radial nerve was released, the incision irri- Color version available online gated, and if necessary, a drainage tube was attached. Care was taken not to injure important structures when closing the incision.
Postoperative Care All patients were followed up for a mean time of 16.6 months (range from 12 to 20). Postoperatively, the arm was immobilized with a neck-wrist sling for 4-6 weeks, and active shoulder and elbow exercises were encouraged early, usually 3-5 days after surgery. The drainage tube was removed at 24 h, and the incision was observed carefully. Furthermore, antibiotics were used for 3-5 days for all patients in case of postoperative infection.
For data collection, the operative time was defined as the time from the skin incision to skin closure. Also recorded was the fracture healing time, perioperative and later complications, shoulder and elbow functions. The data regarding shoulder and elbow functions were collected and assessed by one surgeon (J.H.) who was not associated with the surgical procedure or the care of the patients. All the patients were followed postoperatively with clinical and radiographic examinations at 4-week intervals, and more active exercises were started when callus appeared. Union was defined as the absence of pain and the presence of bridging calluses in 3 of the 4 cortices seen on the anteroposterior and lateral radiographic views of the humerus. Alignment was assessed on the final anteroposterior and lateral radiographs of the humerus. Shoulder function was assessed using the University of California at Los Angeles scoring system [16] , while the elbow function was assessed using the Mayo Elbow Performance Score [17] .
Results
The individual surgical data are listed in table 2 . The mean operation time was 122.9 8 8.5 min (range 105-140); the mean intra-operative blood loss was 289.5 8 100.8 ml (range 50-500); all the fractures healed with a mean healing time of 9.5 8 1.9 weeks (range 8-16). There was only 1 iatrogenic radial nerve palsy (patient 2), in a case which recovered completely within 2.5 months after the operation. All cases were sufficiently stabilized using a single MLCP. There was no failure of internal fixation and also no superficial or deep infection. Implants were removed from 2 patients (cases 4 and 7) who complained of pressure on the overlying skin, or by patient request. After removal of the hardware, further rehabilitation was subsequently performed and patients showed good functional outcome. The mean active forward flexion of the shoulder was 165. fig. 5 , 6 ) showed a good range of motion in flexion and extension, as well as pronation and supination.
Discussion
Our clinical study using this technique was useful in reducing the incidence of complications, obtaining a fully good functional outcome in the shoulder of all the patients and in a majority in the elbow. The 10.5% rate of tenderness after internal fixation of our study was lower than the 38.8% reported by Celli et al. [18] . The 105-140 min range of operation time in our study was shorter than the 150-215 min in the studies by Soon et al. [19] and Reising et al. [20] . Although meticulous radial nerve protection is emphasized in plate fixation, the 5.3% incidence of iatrogenic radial nerve palsies was slightly lower than the 10.1% reported by Vazquez et al. [21] . A probable explanation of our findings and other studies [18, 21] could be due to the extensive soft-tissue stripping that is involved in the dual-plating technique, thereby resulting in a longer operation time and a high rate of tenderness. Equally important, other studies [9, 11] using the single-plating technique for diaphyseal humeral fractures have reported good clinical outcome.
With the previous single-plating techniques, adequate stabilization of distal fractures of the humeral diaphysis was usually difficult to achieve and was compli- Pre-operative anteroposterior radiograph of the right humerus in a 27-yearold male showed a spiral fracture (AO/ Orthopaedic Trauma Association 12C1.3) of the distal humeral diaphysis with displacement of the distal fragment. Fig. 3 . Postoperative anteroposterior radiograph of the right humerus with an AO 3.5-mm and 4.5-mm MLCP and 4 cortical screws after 12 months showed bony union in an anatomical alignment. Fig. 4 . Postoperative lateral radiograph of the right humerus after 12 months showed bony union in an anatomical alignment. 
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Color version available online Color version available online cated by extension into the metaphyseal region. The distal fragments are frequently small and have a limited amount of subchondral bone. Moreover, the bone is osteoporotic especially in elderly patients. This could lead to a decreased screw-holding strength in the distal fragments. Also, the elbow joint has a tendency to react with contracture and loss of active range of motion to every trauma, surgery or immobilization and, therefore, requires stable internal fixation to allow for early rehabilitation.
In our study, the use of this method of reduction and fixation defined by the various surgical steps may also be useful for improving fracture reduction and stabilization in the adequate biomechanically advantageous manner. The advantage of the MLCP described in this series is the distal cluster of smaller-diameter screws, which allows the plate to be applied proximal to the olecranon fossa, thereby minimizing distal soft-tissue dissection and potential nerve compromise. Adequate stabilization of the distal part of the fragment relies on the special design of the locking plate, such as small-caliber screws and overlapping holes. Lag screws are applied to help achieve anatomical reduction and stabilize the fractured bony segments when necessary.
We believe the use of MLCP with an oblique arrangement to be of substantial aid in obtaining anatomical reduction, thus making it possible to control the correct recovery of both the diaphyseal axis and the distal humeral axis. Posterior fixation of the lateral column, using the overlapping 3.5-mm locking screws, makes it possible to obtain significant distal humeral stability. The distal screw overlap concept proposed in this fixation solution aims to reinforce and support the distal fragment of the humerus discharging the stress forces on the plate onto the column. Oblique plate arrangement makes it possible to increase stability in the meta-epiphyseal area, which is at risk at non-union using an unstable fixation. A significant sensation of fracture stability is achieved during surgery with just 1 MLCP and lag screws, if possible, such as to allow flexion-extension motion without affecting the elbow. With the MLCP, the distal fractures of the humeral diaphysis can be rigidly fixed without compromising the elbow. This is a novel method of fixing these difficult fractures, and our data show excellent restoration and maintenance of reduction and alignment with very few complications.
Limitations of the Study
The major limitations of our study are the small number of patients and the lack of a control group for comparison.
Conclusion
The oblique plating technique was a useful treatment option in the management of distal fractures of the humeral diaphysis. The adequate stability of the system, allowing early range of motion, was probably the most important advantage of this technique. Introduction of an early rehabilitation programme along with the emphasis on the early use of the elbow could improve the functional success of this technique.
